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The focus of the work fm,ded under this proposal is the exchange between the stratosphere and

the troposphere, and betw:en the troposphere and the biosphere. These two interfaces represent

the frontiers of atmospheric chemistry. It is the combination of exchange processes at both

interfaces that ultimately controls how the biosphere (including human activities) affects the

ozone layer. The modeling work was motivated by and attempts to integrate information

obtained by aircraft, spacecraft, shuttle and oceanic measurements.

The model development and research activities accomplished in the past three years provide a

technical and intellectual basis for the research in this group. The innovative part of our research

program is related to the I zkV of ozone and the hydrological cycle.

Other related but indepmdently supported work include the study of isotopic fractionation of

atmospheric species, e.g., N20 and CO2. Our theory suggests that we now have the ability to

probe the middle atmosphere at a level of sensitivity where subtle details such as the isotopic

composition of simple molecules can yield measurable systematic effects. This creates the

possibility for probing the chemistry and dynamics of the middle atmosphere using all of the

N20 and CO2 isotopologues.

In the following we will briefly describe the model development and review the highlights of

recent accomplishments.

CALTECH/JPL CHEM ! CAL TRANSPORT MODEL DEVELOPMENT

The Caltech/JPL chemical transport model (CTM) has considerable heritage since its initial

development for applicalions to planetary and terrestrial atmospheres. More than ten Ph.D.

theses have been written using this code, with each graduate student adding to the capability of

the code. In the current operating mode it is a time dependent model of the global atmosphere in

three dimensions (latitude, longitude, and altitude), composed of four modules: the chemical

module, the solar radiative module, the infrared radiative module, and the transport module.

Because of the modular c'esign of the earlier 2-D model, the generalization to 3-D required only

limited restructuring. Tte photochemical module, the solar radiative module, and the infrared



radiative module all were able to be used in the 3-D model as in the 2-D model, with only minor

code adjustments.

It is a special feature of oc._rmodel that the l-D, 2-D and 3-D models are unified, with arbitrary

dimensions in pressure, latitude and longitude. The CUiTent 2-D model has 18 latitudes, from

pole to pole. There are 40 layers, from the surface to 8.66 x 10 .3 hPa in a log pressure

coordinate. The model in_:ludes the chemistry of the major catalytic cycles of HOx, NOx, ClOx,

and BrOx and parent molecules such as NzO, CI-L_ and the CFC's. We use the NASA

recommendations for stratospheric chemistry (Sander et al., 2000). The circulation used is one

computed from UARS data (Eluszkiewicz et al., 1996). The model was used by Yung and

Miller (1997), Miller and Yung (2000) and Blake et al. (2002). Recently, the 2-D model has

been upgraded to 3-D. The model upgrade is designed to use 3-D wind fields, convection and

other transport parameters from different sources, be they GCM outputs or the products of data

assimilation systems. Therefore, the model resolution is variable and the vertical coordinate can

be pressure, sigma or mixed sigma/presSure coordinates.

The current version of the 3-D model uses GISS GCM output (Rind, et al., 1988) to drive the

CTM transport. It has 46 latitudes, from pole to pole, 72 longitudes around the globe and 23

layers of mixed sigma/pre ;sure coordinates from the surface to 0.02 hPa. The lowest 11 layers,

which are below 150 hPa use sigma coordinates. The top 12 layers use pressure coordinates.

One year GISS GCM outputs are used repeatedly. The winds and the convective fluxes are

updated every 3 hours. Both dry and wet convection are included. The effects of entrainment

and detrainment by convection are also calculated. In order to avoid the extremely small time

step imposed by the Coultmt limit, the grid boxes near the poles are combined to form larger

boxes. Using this scheme the time step for the transport is about half an hour. The outputs of the

GISS GCM have been successfully used for several runs of CTM (Wild, et al., 2000, Olsen, et

al., 2000, Hannegan, et al., 1998 and Hartke and Rind, 1997).

The Caltech/JPL 3-D model has been tested to simulate the distributions of N20 and 03. In both

cases, simplified photochemistry schemes are used.

RESEARCH SUMMARI ES

In this section we summarize the research results. A full list of our papers, conference

presentations, and student 1raining will follow in a later section.

Temporal and spatial patterns of the interannuai variability of total ozone in the tropics

The recently constructed dataset, combining the monthly mean column abundances collected by

the Total Ozone Mapping Spectrometer (TOMS) and the Solar Backscatter Ultraviolet (SBUV

and SBUV/2) instrument,_, provides a nearly continuous record from late 1978 to 2000 on a 5 °

×10 ° latitude-longitude glid. The precision and calibration of these measurements allow very

small signals, -1% of tot_H column ozone, to be clearly seen. Using merged ozone data (MOD),

we have carried out an e:lapirical orthogonal function (EOF) study of the temporal and spatial

patterns of the interannual variability of total column ozone in the tropics. The first four EOFs of

our study capture over 94% of the variance of the deseasonalized data. The leading two EOFs,

respectively accounting for 54% and 25% of the variance, display structures attributable to the

quasi-biennial oscillation (QBO), with influence from a decadal oscillation (most likely the solar

cycle). The third EOF (I 1% of the variance) represents an interaction between the QBO and an



annual cycle. The fourtt EOF (4% of the variance_is related to the El Nino - Southern
Oscillation. This is the first completeanalysisof tropical ozonedatausingsimultaneouslythe
longitudinal,latitudinalandtemporalpatterns.A paper based on this work (Camp et al. 2002) is

in review at J. Geophys. Research. The preprint may be viewed in http://yly-

mac.gps.caltech.edu/undeJ "03 Paper".

Isotope Compositions in IJle Upper Troposphere and Lower Stratosphere

Observations of the isotopic ratio in H20 vapor can provide unique tests of the atmospheric

physics that control dehyc,ration. With improved H20 linelists and retrieval methods, we are

able to estimate the water isotope abundances in the upper troposphere/lower stratosphere,

especially for the tropics, ttsing Fourier Transform InfraRed (FFIR) Interferometer data from the

Atmospheric Trace Molecule Spectroscopy (ATMOS) and the Mark IV balloon flights. The

results are summarized in Figure 2. The D/H ratio remains constant from 10 to 25 km (left

panel), even though the ndxing ratio of H20 changes by an order of magnitude (right panel).

This provides definitive evidence for the tropical tropopause layer (TTL), first suggested by

Sherwood and Dessler (2(_01). The details of this work may be viewed from our recent AGU

presentation (Kuang et ,d., 2001; http://www.gps.caltech.edu/-kzm/HDO/). Simultaneous

retrieval of CO from the same spectra yields vertical profiles for this short-lived molecule. From

this an estimate of the tim_ constant of mixing in the TI'L can be made.

Photo-induced isotopic flactionation

This paper presented a systematic method for the analysis of photo-induced isotopic

fractionation. The physical basis for this fractionation mechanism is that isotopic substitution

alters energy levels, molecular symmetries, spin statistical weights, transition dipole moments

and other fundamental mc,lecular properties, producing spectroscopic signatures distinguishable

from that of the parent isotopologues. These mass dependent physical properties are identical to

those invoked by Urey to explain stable isotope fractionation in chemical systems subject to

thermodynamic equilibrit_m. Photo-induced isotopic fractionation is a completely general

phenomenon and should be observable in virtually all gas phase photochemical systems. Water

photo-induced isotopic fcactionation has been examined in detail using experimental and
theoretical data. These results illustrate the salient features of this fractionation mechanism for

molecules possessing co_tinuous UV absorption spectra and unit photodissociation quantum

yields. Using the photo-ivduced isotopic fractionation methodology in conjunction with standard

photochemical models, we predict substantial deuterium enrichment of water vapor in the

planetary atmospheres of Earth and planetary atmospheres. The paper has appeared in J.

Geophys. Res. (Miller and Yung, 2000).
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